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Abstract
The paper addresses, based on an empirical study, what impact the use of recent complex business models, in particular, Functional Products, 
may have on production systems in terms of the explicit and tacit knowledge that is required. Requirements for new knowledge currently 
lacking or in the process of being acquired have been of specific interest for the study. The study focuses on the customer side, involving both 
manufacturing and process industry companies. A set of explicit and tacit knowledge aspects has been identified. The current set of knowledge 
aspects found during the literature review has largely been corroborated and the new specific knowledge identified is highlighted.
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1. Introduction
By tradition, manufacturing and process industries have 
previously to a large extent used products and services in their 
production systems (a production system may span a number 
of sites, processes, products, services, etc.). The products i.e.,
production equipment such as machines, tools, sensors, etc., 
have commonly been bought, rented or leased, whereas the 
services have usually been paid for per occasion or as part of a 
maintenance contract or agreement. Services may be provided 
by internal and/or external service providers. The traditional 
as well as the new or emerging production systems have 
during recent years also started to develop in terms of using 
new types of offers and business models, which often 
originate from the providers. Instead of traditional products 
and services, the providers have started to increasingly offer, 
for instance, products with integrated services and potential 
additional constituents. There are a number of such offerings 
ranging from simpler ones to increasingly complex ones,
which are based on business models or concepts such as 
solutions [1, 2], servitization [1], Extended Products [3],
Through-life Engineering Services (TES) [4], Product-Service 
Systems/Industrial Product-Service Systems (PSS/IPS2) [5],
Functional Sales (FS) [6], Total Care Products (TCP) [7], and 
Functional Products (FP) [7-10]. However, in this study the 
focus is on the concept of FP, which is far more complex than 
the corresponding product based on the same 
hardware/software, and thus significantly more demanding 
for, in particular, the provider side. However, the use of FP 
also poses new demands on the customer side.
Knowledge has many definitions and can be seen from 
many perspectives. However, one way to define knowledge is 
to divide it into explicit (codified, formal) and tacit (know-
how) [11], where explicit knowledge can be codified and is 
easier to transfer compared to tacit which is hard to 
codify/write down on paper and thus commonly needs to be 
acquired through practical experience in a relevant context. To 
adequately benefit from the knowledge, a company needs to 
employ a sustainable method or system for knowledge 
management. Knowledge management can be considered as a 
process for creation of new knowledge, identification of 
sources of new knowledge, as well as elicitation and 
distribution of knowledge [12]. Further, how to transfer tacit 
knowledge and how to convert tacit to explicit knowledge 
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(codify) are additional important aspects of knowledge 
management [13].
Regarding the complexity of the business model, FP 
integrate the four main constituents: hardware, software, 
service-support system and management of operation, into 
provision of a function with a guaranteed or agreed-upon level 
of availability to the customers. Other potential guiding 
parameters for contracts are, for instance, agreed-upon levels 
of performance, productivity, or efficiency improvements, 
which all transfer risk and responsibility to the provider side 
from the customer side. This forces customers, e.g.,
manufacturing and process industry companies, to develop 
and acquire new explicit and tacit knowledge regarding how 
to best manage FP (or other new offerings) in order to 
improve profitability and total-cost-of-ownership. Of further 
interest for FP customers is also to minimize capital 
expenditure and asset building, minimize risks, create 
simplicity and avoid unnecessary complexity, as well as being 
able to focus increasingly on their core business instead of 
spending many hours maintaining and monitoring machines, 
tools or other production equipment that are part of the 
production system. The same goes for the provider side, but it 
differs compared to the customer side due to the transfer of 
risk and responsibility. The transfer affects, for instance,
organization, structures, processes, resources, risk 
management, consortium/partner management, need for 
capital and financial stability. Further, this requires the 
provider to acquire knowledge and multi-disciplinary 
understanding of the customers’ operations (i.e., production 
system/process(es), production/maintenance engineers/opera-
tors and their knowledge, application of the FP, etc.) as well as 
the limitations of the provider (consortium) and FP.
The provision of FP commonly involves a long-term
relationship, often ranging from five to thirty years, between 
the provider and the customer. Providers and customers are 
often keen on developing a long-term relationship in order to 
find a sustainable win-win situation and lower the overall total 
costs. From an efficiency and cost perspective, adequate 
knowledge is required to achieve sustainable long-term 
management of operation, which is key, as the operational 
costs often commonly exceed the initial costs. Thus, for the FP 
providers and customers, it is of great interest to understand 
which existing and new knowledge is required.
Co-creation of value is seen as a key aspect in FP scenarios 
to achieve long-term relationships and necessary win-win 
situations [14, 15]. Co-creation of value [16-18] adds new 
dynamics to the provider/customer relationship by 
involvement of customers in the creation and capturing of 
value. Thus, the co-creation of value may also affect how the 
requirements for necessary knowledge are distributed 
(between the provider and customers).
Detailed and comprehensive descriptions of knowledge that 
is required during the FP lifecycle for customers are scarce in 
the current literature (see related work section). In many cases 
FP customers need to be involved both prior to and after the 
operations/usage phase in order to customize and optimize the 
FP as well as to make sure that any potential down-cycling 
elsewhere or the end-of-life phase are managed in an 
appropriate manner. Therefore, this paper attempts to address 
this gap by identifying which knowledge customers and 
potential customers of FP consider as necessary and crucial 
during the FP lifecycle and highlights, in particular, any new 
knowledge needs found. To assume that everything gets 
easier, there are no risks and that it is possible to only focus on 
the core knowledge and thus no additional knowledge is 
required by the customers is at first a convenient assumption; 
however, this is somewhat naïve, as the customer still retains 
the total responsibility for their own production system.
2. Related work
The current research on knowledge that is required for FP 
providers during the FP lifecycle comprises a number of 
publications and concerns one or more of the phases: initial 
planning, design/development and realization, 
operations/usage and end-of-life [7-10, 14, 15, 19-22]. 
However, regarding the FP customers, research related to the 
knowledge that is required when introducing FP in production 
systems is limited. Further, the existing research related to 
some of the mentioned business models/concepts includes:
x TES – Masood et al. [23] posit that digital feedback is 
necessary from the through-life service to the design 
and development stages of the lifecycle in order to 
transform tacit knowledge to explicit knowledge. 
Further asserted is that a knowledge management 
system is needed to capture and reuse knowledge 
efficiently, which may lead to reduced maintenance 
costs, improved root-cause analysis and problem 
solving, mitigation of operational risks, improved
repair policies and recommendations for repair 
margins. In addition, the knowledge/feedback can also 
be used to prioritize high-cost areas, provide feedback 
for improved design/development/manufacturing/
assembly as well as maintainability/serviceability.
x PSS/IPS2 – Lienert and Schiffer [24] have investigated 
which competencies and abilities are required in IPS2
work environments and listed competencies such as: 
negotiation, communication, conflict management, 
interdisciplinary thinking, organizing, problem 
solving, self-dependent work, use of existing 
knowledge to solve new problems, and analytics.  
Meier et al. [25, p1176] posit that the customer “wants
to be placed in a position to operate these plants 
optimally”, indicating that a certain amount of 
knowledge must be transferred from the provider to the 
customer as well as from the customer to the provider 
in order to be able to understand how to optimize an 
IPS2 in the customer’s production system and 
process(es). Tan et al.’s [26] observations are in line 
with Meier et al.’s. This requires the provider to 
understand and gain knowledge regarding the 
customer’s production system, process(es) and 
application of the IPS2. Further suggested by Meier et 
al. [25] is that knowledge management and know-how 
feedback, involving both the provider and customer, 
are needed and should be managed in a structured 
manner throughout the IPS2 lifecycle. Trevisan et al. 
[27] state that the provider and customer also need to 
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co-create value for society, and this may be used as a 
lever for further knowledge generation inside the 
system of the PSS. 
x FP – customers need knowledge on the FP and the 
customers’ context (where to use the FP) [28]. The 
customer needs basic understanding of the technology
which the offer is based upon and a general system 
understanding in order to understand if problems that 
arise are true errors or handling errors [29]. Further, 
the provider, together with the customer, needs to 
manage the usage and maintain correct operator 
behaviour (in order to keep the availability level up) 
[29].
Regarding knowledge in general within manufacturing and 
process industries, Annamalai [30] covers, in a process 
industry setting, knowledge management, identifying 
knowledge creators and aligning knowledge management 
processes to knowledge sources involving the knowledge 
types external, internal and transient, and approaches to 
capturing these. Regarding knowledge pertaining to suppliers 
and improvements of products, such improvements were 
deemed as necessary to be conveyed to customers in order for 
them to be able to conduct any tests or verification needed. 
Transients such as consultants and students passing by were 
seen as an instrument for passing on knowledge which,
however, was in most cases not documented [30]. Further, 
Rönnberg Sjödin et al. [31] assert that, using a lifecycle 
perspective in an open innovation context while developing 
process equipment, in process industry input from both the 
equipment supplier and customer is needed combined with 
developing a relation with long-term collaboration and trust in 
order to successfully use the equipment in the operations. In 
addition, involving the end users’ knowledge at the customers 
in the early design process of the equipment, transfer of
operational knowledge and optimization/upgrading knowledge 
to customers were favored. The return of knowledge regarding 
modifications/improvements on site to the supplier was 
suggested as well, and preventing leakage of core knowledge 
from the customers was deemed as a problem that must be 
managed [31].
To sum up, detailed and comprehensive descriptions of 
knowledge that is required during the FP lifecycle for 
customers are scarce in the current literature. 
3. Research Approach
The research approach employed in this study has been 
based on in-depth qualitative studies with five respondents 
representing four international manufacturing and process
industry companies. The empirical studies were conducted 
using semi-structured open-ended interviews [32, 33] with
respondents working for companies active in the Faste 
Laboratory at Luleå University of Technology, Sweden, which 
is a VINNOVA2F (The Swedish Governmental Agency for 
Innovation Systems) Excellence Centre focussing on FP 
Innovation, as well as additional companies active in the 
ProcessIT Innovations R&D Centre, which is a VINNOVA 
VinnVäxt Centre, spanning Luleå University of Technology 
and Umeå University, Sweden, concerned with IT and 
automation in the process industry. Thus, the respondents at 
companies 1-2 below were well aware of and knowledgeable 
regarding FP, whereas companies 3-4 were aware of and 
acquainted with FP. The respondents were professionals 
responsible for production, operations, technology, services, 
strategy, development and research at: 
1. Gestamp Hardtech (manufacturing/vehicle parts, one
respondent – manager tool design and development).
2. LKAB (process/mining, two respondents – principal 
R&D experts).
3. Komatsu Forest (manufacturing/forest management
equipment, one respondent – Executive VP).
4. SCA Munksund AB (process/pulp and paper, one
respondent – technical manager).
The purpose of having multiple companies with diverse 
focus was to ensure an advance in the understanding of the 
knowledge required to successfully be able to benefit from 
FP, considering the similarities/differences between the 
companies (cf. [34]). Although the companies are different, 
they all face the common challenge of how to best benefit 
from FP and/or similar concepts such as PSS/IPS2 as a 
customer. Initially, semi-structured interviews were used, with 
open-ended questions [32, 33] allowing the respondents to 
give detailed answers and the possibility to add extra 
information where deemed necessary [35]. The interview 
guideline started with questions on which types of complex 
business models or concepts that were used followed by 
which problems or obstacles that were related to that. 
Subsequently, questions on which knowledge that were 
requires both on the provider and customer sides were posed. 
The duration of the interviews was between one and two 
hours. In order to reduce response bias, the respondents came 
from various parts of the organizations as well as different 
levels i.e., strategic, tactical and operational units. The 
interviews were guided by the result from the literature review 
and the current definition of FP [10, 36]. In order to 
strengthen the validity of the study, data were continuously 
displayed using a projector or shared screen during the 
interviews, allowing the respondents to immediately read and 
accept the collected data. If immediate display was not 
possible, the interviewees reviewed the transcript. After that, 
the collected data were displayed and analyzed using matrices 
(cf. [37]). The analyzed data were finally summarized into a 
matrix comprising the potential knowledge necessary for FP 
customers in manufacturing and process industries. The 
matrix was divided into, based on the outcome of the 
interviews, categories such as: business model and 
complexity, internal/external organizational aspects, and 
technical and information related aspects. Further, the 
knowledge aspects were marked as explicit, tacit or both 
explicit/tacit. Finally, all knowledge aspects that were deemed 
as FP specific were attributed in order to separate them from 
the more general ones. For reasons of confidentiality, only an 
aggregated view of the analysis is presented.
4. Findings
The result of the analysis is an aggregated set of knowledge
aspects (see numbered list below), which may be needed by 
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FP customers. The knowledge aspects considered as specific 
for FP are attributed with (S).
1. Must understand the underlying business model and 
what is wanted to be accomplished (i.e., the mission, 
the total cost, and where the potential for value 
creation is) and what the customer’s customers want. A 
multi-annual perspective on the above is required. This 
needs to be “explained and sold” to all concerned in-
house to change negative mind-sets and facilitate 
successful change/progression.
2. Need knowledge about the targeted process(es) and 
relevant related technological knowledge.
3. Need to understand the interface between 
provider/customer to get it to work in practice.
4. Need to mirror the knowledge of the provider, 
however, with less depth, as the provider should bring 
the state-of-art. Examples are: energy efficiency, 
material knowledge, fuel and fuel market, 
environmental requirements, etc. The technology used 
should be mutually analyzed/discussed and thoroughly 
walked through. Development matters can increasingly 
be assigned to the provider; however, regarding 
operations, all knowledge is necessary in-house.
5. The operations will be different and the customer role 
different as well; however, the basic knowledge
required to run the operations is still required and 
cannot be allocated solely to the provider. It is hard to 
cover all necessary knowledge areas and be a genera-
list, and it is necessary to understand what the provider 
does, thinks and what knowledge the provider has.
6. In total, less knowledge is needed in terms of depth 
and the provider should share knowledge gained from 
other industries.
7. (S) The procurement process differs a lot compared to 
products and services by requiring a substantially 
better overview and understanding of the whole matter.  
Further, the procurement engineers need to be able to 
see the big picture and also negotiate on that level; the 
production engineers need to be able to understand the 
value creation/capturing and how to best use the FP. In 
addition, the operators need to be able to use 
monitoring and issue/fault detection possibilities and to 
develop the production process based on facts.
8. (S) Advanced contract management and negotiation 
knowledge are essential for keeping the win-win 
situation intact.
9. Specific knowledge regarding how sensors and other 
measurement equipment and monitoring systems work 
and best can be used are needed. Further, knowledge in 
mechatronics is necessary. 
10. (S) To be able to understand the data generated from 
monitoring/fault detection an ability to analyze the data 
and understand the production equipment in the FP is
necessary. The FP and their hardware and software 
parts will likely become additionally complex in the 
future, further requiring depth in terms of knowledge
related to understanding/analyzing different states of 
the FP. In many cases a higher level of theoretic 
education in programming and mathematics is 
necessary (i.e., on engineering degree level).
11. (S) Compared to when using products and services,
deeper knowledge, regarding use of computers, mobile 
equipment, communications and analytic tools to 
optimize, simulate and find problems is necessary.
The knowledge aspects 1-6 and 9 can be regarded as 
general and 7-8 and 10-11 as FP specific as well as new. 
Further, knowledge aspects 1-6 corroborate the current FP 
literature and a large part of the TES, PSS/IPS2 and general 
literature covered in the introduction.
The knowledge aspect 3 can be considered as tacit and 
aspect 11 as explicit, whereas the others (i.e., 1, 2, 4-10) can 
be seen as involving both explicit and tacit elements. The 
involvement/mix of both explicit and tacit knowledge adds 
additional requirements for formal education (i.e., engineering 
degree level) as well as continuous professional education 
combined with practical training and experience. It may be 
noted that the formal education and professional training may 
be required as a basis to be able to benefit knowledge-wise 
from the practical training and experience. However, practical 
training and experience prior to formal training and 
professional education can also improve the ability to 
understand/learn and take up the content of the formal 
education and professional training.
Reflections on the above knowledge aspects made by 
several interviewees suggest that it is necessary to have a good 
understanding of the FP business model and an overview of 
the own process(es) and what is wanted as well as what their 
customers, in turn, want – and that it is quite hard to find 
employees capable of this. Further reflected upon was that it is 
a lot easier to continue in the old tracks with products and 
services, as it is harder to compare different FP offers during 
procurement. Another interviewee added that when procuring 
functions it is easier to buy the “right thing”, since it is easier 
to control what the outcome “should be”. Reflected upon 
during most interviews was also that use of FP requires long-
term relations/trust/transparency, and in particular long-term 
relations/trust are necessary to build up and share the essential 
knowledge needed on both the provider and customer sides. 
5. Conclusions and Discussion
The paper, based on an empirical study involving four
companies, proposes as its main result a set of potential 
knowledge aspects that may be necessary for FP customers,
within manufacturing/process industries, in order to benefit 
from FP. The paper contributes to theory by proposing a set of 
potential knowledge aspects necessary for FP customers, to 
during an early investigation phase: prepare, compile
requirements on FP and own organizational development 
needs, procure, negotiate, conclude a win-win contract, and 
later successfully operate FP in a sustainable manner over 
time. Further, FP specific knowledge aspects have been 
attributed as well. Many of the knowledge aspects proposed 
may be applicable, depending on which guiding parameters 
are used in the contracts, for the closely related concepts and 
business models such as TES and PSS/IPS2. The inherent 
complexity of the FP business model requires additional and 
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further sophisticated knowledge compared to when using 
products or services based on the same or similar
hardware/software.
The paper contributes to practice by suggesting that the 
required level of knowledge when using FP is higher, or 
sometimes a lot higher, compared to when using similar 
hardware procured as a product with additional services. A 
consequence of this is that the general level of education and 
professional training probably needs to increase and that, in 
future, many operators likely need to have an engineering 
degree. The engineering degree is needed to be able to manage 
a further complex and analytic role when using FP (or similar 
offers based on e.g., PSS/IPS2) in the production system. 
Advanced knowledge enables possibilities to:
x Successfully optimize and adapt the FP to the own 
context/application – enabling increased performance.
x Measure and monitor - enabling lowered energy costs.
x Spend adequate/necessary resources on maintenance 
and forward planning – facilitating predictive/proactive 
maintenance which enables high availability 
throughout the full duration of the expected FP 
technical lifecycle. 
Thus, the manufacturing and process industries need to offer 
creative and attractive positions in order to attract skilled, 
competent as well as experienced employees. The 
involvement of explicit as well as both explicit and tacit 
knowledge elements in many of the knowledge aspects 
highlighted indicates a need for considerations of formal 
education during recruitment of new employees. Further, the 
professional education combined with practical training and 
experience should preferably be carefully planned in order to 
increase the outcome of such efforts. In addition, the use of a 
knowledge management system should be considered in order 
to record the essential explicit knowledge and capture as much 
tacit knowledge as possible and convert it into explicit
knowledge. Further, the knowledge aspects found can also be 
used to formulate tasks necessary to perform during the FP 
lifecycle.
The managerial contribution of the paper is that it
highlights an apparent need to change the mindset of, for 
instance, procurement and management, so as to avoid getting
stuck with products and services. Further, consideration must 
be given to the fact that there may be concerns among staff 
that FP business is outsourcing – but that concern usually 
seems to disappear after a while. In addition, top management 
seems to be able to rather quickly see the benefits of using FP,
whereas middle management, responsible for departments 
spanned by one or more FP, may find it more difficult to see 
the overall benefits of FP. Further, top management may 
allow, if the staff have a high level of knowledge and are 
comfortable using FP, that higher production related risks can 
be assumed in terms of taking on projects with shorter 
deadlines, more precise output, and using the production 
system at a higher level of availability and productivity (based 
on monitoring and better control). 
A reflection is that an advantage with using FP or similar 
business models is that it enables an increased focus on the 
own core processes and the related knowledge necessary. 
During the interviews it was further posited by several 
interviewees to keep a high level of control regarding the own 
core processes, and that non-core processes could be less 
controlled. Further asserted during the interviews was that to 
be able to manage changes in the surrounding world and 
contexts over time, FP contracts should be set up to cope with 
changes and have a structure with regular re-negotiating points 
(i.e., to keep the win-win situation adequately balanced).
Comparing the knowledge aspects on the FP provider side 
with the ones on the customer side indicates that less depth is 
needed on the customer side; however, most knowledge 
aspects should be mirrored to be able to properly operate and 
benefit from the FP. This means that the knowledge related to 
the FP may not simply be dropped or cut on the customer side, 
which may be natural to assume.
Regarding future research, the findings of this study will be 
further verified in follow-up projects and industrial case 
studies, involving additional companies as this initial study 
involved four companies.
Finally, indicated in [38] is that it is more profitable for 
providers to integrate services with products or integrate them 
into the provision of functions compared to bundling products 
with services. This suggests that the sale and use of 
additionally complex business models [39] will increase. For 
both providers and customers, to be able to do this may 
require organizational changes, new knowledge and an 
updated mindset among employees. Although difficult, this 
may be necessary in order to, achieve increased efficiency, 
global competitiveness and sustainable profitability in 
symbiosis between providers and customers.
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